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EXPERIMENTS TO DETEAMINE THE MIGRATION POTENTIAL
FOR WATER AND CONTAMINANTYS IN BHALLOW LANC BURIAL FACILITIES:
DESIGN, EMPLACEMENT, AND PRELIMINARY RESULTS

G. L. DePoorier, W. V. Abcele, and B. W. Burion
Environmental Bcience Group
Group L8-6, MS-498
Los Alamos National Laboratory
® Q. Box 1687
Los Alamos, New Mexico 07848

INTRODUCTION

Leaching and transport of radionuclides by water has been a primary mode of
radioactive contamination from low-level radioactive wasia disposal facilities. Simi-
larh, 10 Infiltrgtion of water into nonradioactive hazardous waste disposal facilities
has resulled in the movemen! of contaminants out of these diuposal faciiities.
Although there have been many laboratory studies on water movaement and
contaminant t/angpori, thera 8 a need for more large scaie fiald experiments Large
scale finld experiments ure necessa.y 1o (1) measurs hydrauhc conZuctivihet on a
scale typical of actual shaliow land buriul facilities and hazardous wasie disposal
taciities, (2) allow comparisons to be made betwaen full scale and laboratory
measuremants. \d) verify the applicability of calculational methods for determirurg
unsaturatey hydrauhc conductivitias from water retention cur'es, and (4) for model
vahdation Experiments that will provide the Information to do this are described in
this paper.

CALCULATIONAL MET/:ODS FOR UNSATURATED
HYDRAULIC CONDUCTIVITIES

Since ihe hydraulic conducCtivily-waler content relationsnip Kii) 18 comparatn ety
d.{hcuit 1o compule, the possibilly of predicling tha hydraulic conductivity from the
raairnic potential-water cotent re'stionship has been widg!, explored Abeele' ' has
eximined these prad.ctive methoiis a1d therr application to crushed Bandeher Tuff
In these same eports, Abeele hus aliso reported the application of sevaral
laburatory techniques for measuring the unsaturated hydraulic conduclivily of
crushud Bandeler Tuft The re~uits oblaned for the caiculationa! methods of
AL ngton-Quitk’ and Campbell’ and the exparnimential methods of Rijtema’ and
Gnraner’ lor calculating or measuring the hydraulic conduclivity of crushed Ban-
deler Tull ara sumimarizerd in Tabie | For detaiis see the raports by Abeele

Generally good agreement |s sasr betwean the measured and predicted values
for unsaturated hydrauli. conductivity when the matric potential-water content
retationship s known for 'he material In quastion The resullp of the expariment
described ir this paper will detarrine whether or nol 'hese predictive methods will
wOrk 83 well for large acale e perimeits which are cioser In scale to actus! waste
dispos. frcdilion These laboratary rasults also provide & bass for model calcu-



TABLE !

COMPAHRISON OF ANALYTICAL EXPRESBBIONS FOR
UMBATURATED HYDRAULIC CONDUCTIVITIES®

EXPERIMENTAL

Ritema Y. = 544 x 10 * 8
246 x 10

Gardner —_—

TV L 2674
CALCULATIONAL (PREDICTIVE)
Miliington-Quirk K= 7066x 106"
Campbell K = 1.56 x 10 ' o'

8, = Fractional water conteni by volume
v = Matric potential in kPa
K = Hydraulc conduclivity in m/s

Iations thatl ard used to plan the sxperiments The resuits summarized tn Table |
provide a comparison 2! the pred.clive ar d measuring .echnigques that have been
extensively apphed 1o one well.characlerized material. crughed Bandeher TuY

INSTANTANEOUS PNOFILE MIL.THOD

In the figic experiments described 1n {his paper. the unsatursied hydrauiic
conductivity will be measured by the inslantanecut profile metr.od described by
Watson * The appohicstion of this muothnd and 1he calculations! techniquas are
described In further Jetail by Mille' and coworkars’ and by Hillel® The matric
potential of the 80 | is measured as & funclior of ti ne ard depth in a 801l profile by
meany of tenniometers Simultaneously. the s0il water content 18 measured as the
same function of ting and depth In the toil prohle by means of & neutron moisture
probe From thase c'ala, the unsaluratad hydra.ul c conductivity can be caiculated as
8 !unchon of water content

The procedure recommended by Hillel® will be used in our experimants
Tensiometers wili be placed in the soil prolle each 0 38 m \Walar wul then be
paondad on the surfste unti the entire profile becomes caturaled Tne sot! surtace
will then be covered 10 prevent sy turthe: wa'ar flun into the soi' column trom
tantall or out of the edlumn by evapuration Ag th, column draing the measure-
menis of mairic polert al and water ronter 1 wu, by +» \ade



EXPERIMENT DESIGN

These expr . iments will be perfcrmed ir the Experiment Clustor ir the Experimen-
tal Enginescred Test Facliity at the Luoa Alamos National Laboratory. The field test
facility and the Experiment Cilusters hove rocently hean described by
DuPoorter.” 1" A plan and section view of the Exparirnent Clusters is inciuded as
Fig. 1. The soil column to be used is 3 m In diameter ar.d 6 m desp with sccess ~.ors
along the antire helght of the profile.

The vxpetimental configuration and instrument eriplacement is shown in Fig. 2.

addiian to the horizontal neutror moisture probe 1 ccess tubes, which extend 1.5

-into the soll column, there is also one vertical nouu 2n probe access tube. These
tubes are aluminum, with a 30.8 mm outside d'ameter. The therrmocoupies are
copper-constantsn and have all been calib ated at the ice point and at the boiling
poinit of water mt Los Alamos elevation, approximately 23°C. The two larg.
thermocouple harnesses 8re emplaced 1o determine the temperature variation
across the soil column at two slevations Tha other thermocCoupias Are to determine
the temperature as a funclion of depth in the colurrn. The thermocouple harnetses
were the only instruments emplaced duriny the filling operation. All other instry.
menis ars emplaced after the units were backfilled and compacled

EXPESIMENT EMPLACEMENT

For these experiments, two of the 3-m chameter by 6-m deep cairsons were 'itled
with. crushed Banderer Tul This required the preparation. detivery loadng 7nd
compsctirg of approximately 80 m' of materials. Because of this large volurre, the
personnel and equipmant 0! the Zi18 Company at Los Alamos werd used in th' hiling
procedure The tuft used can be described geologically as a voicanic ash firw
composed mcstly of silicic gQlass and having a gruin size distribunion v.ose 10 that o1
a siity sand

Frori end 'oaders were used 10 mineg the (ulf. which was then crushed by running
the % 0"t end !oader over Il repeatadly The crushed material was then loaced inlo
trucks and hauled 10 the Zia baich cement plant where il was screened All materal
tha! passed through & 12 7 mm screen was stockpied for miuing -vth water Known
amounits of watet ware added 10 the rrruahed and acreened matenial in the baich
plant Yone moist tut was then loaded Inlo cemen! trucks for delivery to the
expeniment

in the filhing processa with the fingly crushed Bandehier Tuf!. great care was take’
to work with tuff ths vas homogenaously mined w'th waler Iry'ng 1o approach o
staying beis. the :Mimum watsr conte! This optimum water contenl I8 the
amount of mixing waler for a given tul! snd compaction process which will give a
maxmum of dry tul' nass per volume The tulf was dynsmically compacied w.!'
"jumping jacks "' The actual oblamed dry denaity ranged from 91 3 to 101 4", of
waat is considered of imum ¢y density for crushed (uft iIndicat'ng that the amouni
of 1. * slure used, moOstly between 10 and 13-, by masa, s Close 10 1he vplimum
moisture plateau V.uter content. dry densily, and wet densty were moasured sl
several heighis Cu'ing the hiling operation by a Portaprobe Moael M(C .7 Per.
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|
cen!-Test Nuclear Meter. Results of these measuraments will be discussed Iater.
The erushed tuff was loaded into each caisson in an amount to give a compacted
layer of rom 15 to 20 cm, and then compacted as described above.

Cornpaction was necessary to minimize, if not eiminate, futura subsidence. ¥hich
wouid be detrimental to the kncwledge of the location of the instruments ussd to
nake the measurements necessary for ihe instantaneous profile method. Ailso,
siibsidence might cause deformation In the horizonial neutron moistiure probe
tubes. Compaction wiii decrease the saturaled hydraulic conductivity. but more
important, increase the unsaturated hydraulic conductivity known {0 exist at the
moisture contents normaliy prevailing in the Bandeler Tulf. Hydraulic conductivity
dec sases sharply wilh increasing 80il mosture tension. This is must evident in
materials with coarse pores gnd/or low packing and less 8o In materials with ne
pores and/or high packing Some='iigre the two curves will inte' sec!, the worst case
is it ighly packed material 18 1'2ed 8t the iow mo:stura condif.ons that are normal in
the Bandelier Tuff because higher unsatur 1d conduclivites will take p'ace at iner
pore siié distributions, providecd the degree of unsaturation ‘s high encugh.

To obtain the homogenety and high density required for the experimeants. the vet
tuff had to bw compacted with minimum inierference from @rapiaced ir.strurnents
The oniv exceptions were the two thermocouple harneases vhich were carelully
emplaced. covered with crushed tufi, with careful compaction \n the next layar to
prevent damage.

immediately sfier fiiing was completed emplacement o! the hor.izonta! nautron
moisture prube access tubes was sta 1ed The horizontal tubes ar» about 1 § m long
with an aluminum cap welded on the end Thus, & hole 1n the 1ut was Necassary in
which 10 place the tube The hole was made by ariving a staniess stee' tube of the
same diameter with a snarpened end Into the compacted malena: using a 4 5 kg
sladge hammer The hole was driven in A%out 100 mm incremants and the tube
removed ang emptied The '.bes were m-.niained horizonta' 10 wittun one degree
In the portions of the experimaent wheie the ulf was tho welles! empiacement 'vas
practica'ly impossihie by this method whereas n the drigr mater.al Ir:s methoo
workrd Quily well

The tansiometers will be errplaced by augering holer and then insering the
terpometer The other thermoco.pies will be emplaced by driiing & amall hole and
then .nserting the thermocouple Work is in progress 10 empiace ('3 oOther
inatrumentstion

When lhe nslrumentsgtion 18 complete. procedures w!l be sia’teu 10 use the
ngiantaneovs profile method to measure the unsatur sted hydraulic cunductiviy
sifu &y @ function of waler content in an exper mant on a gcale typical N! that of &
low -lgvel radioaclive waste diaposa’ facily Or & hazardous waste 0'8pLBA' *BCilily
The columas wili he Niooded and allowed (v seturate by ponding a layer of wate’
abiout! 50 mm thick on the surtace During hcnding. mwasurements of water content
and so0il matric potential will also be made Wher Lhe columns are saturat/d
magsurements o' the satureied hydraulic conducthvity wil. be made aen the unis
w ' he sealed at described above and allowed Ic drain Duning dra--.age measute:
mer.i. will be made as a funceon of ime and depth of hath water conten! and sl
murine potential Then the . stantanesous prafile method will be apphrg and
evalusied



APPLICATION OF RESULTS TO BHALLOW LAND K JRIAL OF
LOW LEVEL RAIOACTIVE WASTES OR HAZARDOUS CHEMICAL WASTES

The results of these uxperiments will have applicatiang for both the shaliow land
burial of low leve! radioaclive wastes and the disposal of hazardous chemiLal
wastes. Thess wxperimants will provide rasults that can be used in model veri-
fication for syatem parformance. This type Of data on experiments done at this scale
have not Lisen available, and are necessary for validating unsaturated iransport
models and other models used to pred-ct lony term system porformance.

Even though thase experiments are done on . ‘ushed Bandelier Tuff, most models
use physical properties of the backfill material such as density. porosity, and water
retention curves For this reason, once the models are validated in these expen-
ments, they can e gpplied with confidence to other materials as long As the materisl
properties are well characterized. Ir addition, from known watér movement rates.
calculable from the resuits of these e.iperimenis, requirements for other parts of the
sysiam such as linara, water diversior sysiems, and system cap requirements can
be determined

Lastly, the resui's of these eaperiments and their use in made! verification will
provide u sourd scientific basis on which 10 base 0eC.810nS ON BYs1@M requIreamants
and system dosign.
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